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Abstract
Background: Successful implementation of digital health systems requires contextually sensitive solutions. Working
directly with system users and drawing on implementation science frameworks are both recommended. We sought
to combine Normalisation Process Theory (NPT) with participatory co-design methods, to work with healthcare
stakeholders to generate implementation support recommendations for a new electronic patient reported outcome
measure (ePRO) in renal services. ePROs collect data on patient-reported symptom burden and illness experience
overtime, requiring sustained engagement and integration into existing systems.
Methods: We identified co-design methods that could be mapped to NPT constructs to generate relevant
qualitative data. Patients and staff from three renal units in England participated in empathy and process mapping
activities to understand ‘coherence’ (why the ePRO should be completed) and ‘cognitive participation’ (who would
be involved in collecting the ePRO). Observation of routine unit activity was completed to understand ‘collective
action’ (how the collection of ePRO could integrate with service routines).
Results: The mapping activities and observation enabled the research team to become more aware of the key
needs of both staff and patients. Working within sites enabled us to consider local resources and barriers. This
produced ‘core and custom’ recommendations specifying core needs that could be met with customised local
solutions. We identified two over-arching themes which need to be considered when introducing new digital
systems (1) That data collection is physical (electronic systems need to fit into physical spaces and routines), and (2)
That data collection is intentional (system users must be convinced of the value of collecting the data).
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Conclusions: We demonstrate that NPT constructs can be operationalised through participatory co-design to work
with stakeholders and within settings to collaboratively produce implementation support recommendations. This
enables production of contextually sensitive implementation recommendations, informed by qualitative evidence,
theory, and stakeholder input. Further longitudinal evaluation is necessary to determine how successful the
recommendations are in practice.
Background
Digitisation of healthcare systems continues unabated.
However, digital systems have provided notable exam-
ples of the challenges of implementation [1, 2]. Imple-
mentation refers to the degree to which new ways of
working are adopted, integrated and sustained in prac-
tice. Failures of implementation can mean both wasted
resource and also limit the extent to which benefits of
new ways of working can be realised.
Systems for routinely collecting and using electronic
patient-reported outcomes (ePROs) as part of clinical
practice are an example where significant implementa-
tion challenges may arise. ePROs reflect the personal
impact of illness and treatment as assessed by patients
[3], such as symptom burden or the effect of a disease
on someone’s quality of life. Routine ePRO collection
has the potential to improve patient care and outcomes
[4, 5], including detection of health problems that would
otherwise go unnoticed. Reaching this potential requires
repeated individual engagement with digital technology
from patients and professionals, integration with existing
information systems, and standardised delivery at
scale. Yet, it is still largely unknown how best to
achieve this [6].
Given the implementation challenges encountered,
ePRO programmes and other digital health initiatives in-
creasingly aim to develop contextually sensitive interven-
tions [7, 8] to support implementation into practice.
This approach recognises that ePRO systems are socio-
technical. Consequently, approaches to support their
implementation must be grounded in the context – clin-
ical, social, and organisational - in which they are
expected to operate. This requires understanding both
the place where such interventions are intended to work
and the people who are expected to carry out the work.
A socio-technical approach therefore requires the use of
methods which work with users and within settings.
Co-design with intended end users and iterative pro-
cesses of in situ development are increasingly recognised
as key components of intervention design [9]. In health-
care, end users can be both patients and professionals.
Working with staff may ensure fidelity of the ePRO sys-
tem, including collection and review processes, as staff
can engage in covert resistance to what they perceive as
disruptive digital collection protocols [10]. Similarly, in-
cluding patients may account for notable differences in
how service users anticipate digital interventions com-
pared to staff [11], which can impact on patient engage-
ment with ePRO collection and their expectations of
how ePRO results are integrated into the service.
It is recommended that implementation research
draws on theory to guide the development of strategies
to support uptake and integration of new interventions
into practice [12, 13]. Normalisation Process Theory is a
theory of mechanisms that can support or impede the
implementation of new ways of working, and has been
used extensively in feasibility studies and process evalua-
tions of implementation [14], in particular of digital
health interventions [15]. However, studies using NPT
have tended to focus on single stakeholder or user
groups, and there has been less use of NPT in forma-
tively guiding implementation approaches [16].
So, taken together, effective implementation of digital
ways of working, including systems to routinely collect
and use ePROs, requires approaches which:
1. Generate solutions which are feasible and
acceptable in practice (sensitive to context);
2. Engage directly with end users, both patients and
professionals (guided by multi-stakeholder input);
3. Incorporate theoretical insights into design and
development (theory-informed).
Participatory co-design is a collaborative method
which requires creative partnerships between researchers
and the end users of their research, such as healthcare
professionals and patients. It was developed specifically
in the context of technology, to enable users to future
forecast their experiences with a new technology in a
formative design stage, to collectively propose solutions
to improve use in practice [17]. Participatory co-design
involves the use of typically visual or narrative methods
to better understand the needs and circumstances of the
end user [18] and rapid prototyping processes to critique
assumptions and propose solutions [19]. It has been
used with both patients and professionals to propose so-
lutions to complex healthcare problems [20].
One criticism of co-design is that it privileges user
feedback whilst potentially neglecting existing evidence
and theory. Studies have demonstrated however that
implementation theory can be effectively employed
alongside participatory approaches such as Participatory
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Learning and Action [21]. The studies suggest that
stakeholder input and theoretical insight combined
provide a deeper understanding of implementation chal-
lenges and potential solutions[22] and may lead to more
sustained implementation change [23]. Co-design activ-
ities can incorporate existing evidence, for example, by
building user personas based on qualitative evidence
syntheses, or by analysing co-design outputs using
theoretical frameworks [20]. Whereas integration of the-
ory and co-design activity is increasingly common at an
individual level, e.g. by drawing on behavioural science
theories to inform co-design of specific interventions
through mapping specific behavioural constructs with
intervention components [24], there have been fewer
examples of using co-design techniques to map system-
level implementation constructs.
In this study we, therefore, aimed to investigate
whether participatory co-design methods could oper-
ationalise theoretical constructs (NPT), while working
with multiple stakeholders to anticipate barriers to im-
plementation. Specific objectives were to explore:
(1) how these design methods could support elicitation
and synthesis of relevant patient and professional
expectations and concerns regarding
implementation; and.
(2) how NPT could be integrated directly with such
methods, to derive theoretically informed
recommendations for implementation in practice.
We addressed these questions in the context of a
wider study that aimed to implement a system to rou-
tinely collect and use ePROs in renal services in Eng-
land. We drew on NPT as a mid-level implementation
theory with relevance to both individual and system
levels, and integrated it with specific co-design tech-
niques, from the field of human centred design [25],
with both patient and professional stakeholders. NPT
was selected based on previous success employing this
method alongside participatory approaches. The co-
design techniques were chosen as they enabled targeted
qualitative data collection (recognising that this was a
specific co-design phase to inform a wider project and
so needed to blend theory with specific co-design tech-
niques, in contrast to studies which employed participa-
tory approaches throughout.) This enabled us to better
anticipate and develop potential solutions to local imple-
mentation challenges for embedding the ePRO system
into routine care, while also generating generalisable
learning to prepare for spread of the system at a national
level.
Methods
Theoretically informed participatory co-design.
Study context
In 2015, the UK’s National Health Service (NHS)
launched the national Think Kidneys programme. The
programme aimed to support people with chronic kid-
ney disease (CKD) to manage and make decisions about
their health (https://www.thinkkidneys.nhs.uk/). As part
of Think Kidneys, PROs (i.e. symptom burden, health-
related quality of life and patient activation level) were
collected in over 3,000 people across fourteen renal units
using paper questionnaires. Although this demonstrated
enthusiasm in the renal community for collecting PROs,
the programme also showed that paper-based collection
was unlikely to be sustainable [26].
Digitising PRO collection would address many of the
issues associated with paper-based collection. Therefore,
the OPTimising engagement in routine collection of
electronic Patient-Reported Outcomes (OPT-ePRO) pro-
ject [27] aimed to develop a contextually sensitive and
theory-informed strategy to support implementation of a
system for routine collection and use of ePROs (i.e.
symptom burden and health-related quality of life) into
renal services [28]. Renal services are relatively digitally
mature, with all treatment centres having an electronic
patient record linked to a national data infrastructure in-
cluding an online patient portal (https://renal.org/
patients/patientview). This setting, therefore, provided
an exemplar context with broad community buy-in and
an established national technical infrastructure on one
hand, and on the other a lack of knowledge on how to
engage individual professionals and patients in delivering
the ePRO system in clinical practice.
Design
The OPT-ePRO project adopted an agile delivery design,
with an early formative co-design stage to develop initial
implementation support, followed by iterative cycles of
refinement. This paper reports on the co-design
elements in the formative stage of the study. The study
design required assessment of perceived acceptability
and feasibility, driven by pragmatic questions regarding
organisation and delivery of support for the ePRO sys-
tem. We mapped these questions to the higher level
NPT constructs of coherence, cognitive participation,
and collective action, and then selected appropriate par-
ticipatory co-design methods to capture data relevant to
that construct (see Table 1). Reflexive monitoring, the
NPT construct referring to how users evaluate imple-
mentation in practice and use learning to make adapta-
tions, was considered to best reflect the planned iterative
development cycles, and data will be collected for this
construct in future longitudinal evaluation. The full NPT
framework, including sub-categories of the higher level
contructs , can be explored onl ine: http ://www.
normalizationprocess.org/.
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Our co-design methods included interactive design
prompts (process and empathy maps) and observation,
chosen to achieve insight into NPT constructs (Table 1).
Sample
We conducted five co-design workshops with patients,
caregivers and staff from our study sites in three
NHS England Trusts. We completed empathy map-
ping and process mapping in each workshop. All
workshops occurred between Jan- August 2019 and
lasted approximately three hours. Three workshops
were attended only by patients and caregivers (total
n = 25). Two workshops were attended only by staff
(total n = 13). We planned one of the workshops to
be attended by both patients, caregivers and profes-
sionals but scheduling conflicts with staff made this
impossible. Patient participants were recruited by
members of their care team, who were asked if they
knew of patients who would be interested in contrib-
uting to a renal service design activity, or via local
patient representative groups (e.g., Kidney Patient
Association). As a co-design activity, we did not apply
a sampling framework to the invitation of patients
beyond asking for them to have relevant lived experi-
ence and a willingness to contribute to service design.
Staff were recruited via their unit manager.
Materials and Data Collection
Both the empathy mapping and process mapping took
place in co-design workshops. The observation took
place at each site.
Co-design workshops and mapping activities
In each workshop, we first asked the participants to
complete an ‘Empathy Map’ for a patient (in the pa-
tient workshops) or for an HCP on the ward (health
professional workshops). Participants worked in small
groups of 2–4 and completed the activity with pens
and post-it notes on a large A3 template. Each group
then presented their map to the wider group for
further discussion.
Secondly, we presented a prototype process map of
how the ePRO system could be delivered, reflecting
stages such as registering patients to use the online por-
tal for data entry, collecting ePRO data using a desktop
or tablet, and presenting summaries of the collected
ePRO information to staff. This prototype was drafted
based on input from the early site visits and with feed-
back from the wider research team, including healthcare
professionals. We invited participants to imagine each
stage of the process and suggest potential barriers or
identify missing steps. As before, participants worked in
small groups of 2–4 using an A3 template. Each group
Table 1 Integrating NPT constructs and co-design methods to address evaluation questions
Evaluation Question NPT Construct Design Method
Why?
Why should patients and professionals
engage with the ePRO system?
Coherence
What is the meaning of the intervention to
the different stakeholders?
Empathy mapping
Involves asking a stakeholder group to map out what they see,
hear, and think in a particular situation or setting, and what their
main ‘pains and gains’ are (what they hope will happen and what
they are worried about)
Aim: To better understand the end user of the ePRO system, to
elicit data regarding the individual (personal) and social
(organisational) context in which the ePRO system would be
expected to operate.
Who?
Who needs to be involved in
supporting delivery of the ePRO
system?
Cognitive participation
What roles need to be undertaken to
deliver the intervention and who is able to
perform them?
Process mapping
A flowchart style representation of a process in action over stages
of time or across different locations, including specifying tasks and
roles to deliver each element.
Aim: to use process mapping as a form of prototyping, to
communicate our expectations of how the ePRO system would be
delivered in practice, and to enable staff and patients to imagine
this process and expose assumptions or anticipate barriers to
delivery.
Where & when?
What is the best time and location to
deliver the ePRO system?
Collective action
What are the existing routines and
practices which the intervention must
work alongside?
Observation
Rapid ethnography to enable in situ observation of routines of
practice. Research team visits at each participating site, formal
observations conducted by researcher (AE).
Aim: to understand the spatial and temporal organisation of the
site, and to observe how staff and patients interacted and how
patient information was collected.
How?
How well has delivery of the ePRO
system worked, and what could be
done differently?
Reflexive monitoring
How do users assess the value of the
intervention and how do they make
changes?
Iterative development
Cycles of development with each study site to identify problems
in realising the value of ePRO system and implement
modifications to improve delivery. (To be explored in future work)
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then presented their map to the wider group for further
discussion.
All workshops were facilitated by members of the
research team (SK,AE) with experience of participatory
research and co-design activities.
Observation
Rapid qualitative ethnography [29] was employed to
enable observation of roles and routines in action [30].
Sites were initially visited by all three research team
members (SK, SV, AE), including visiting the ward/con-
sultation rooms to gain familiarity with each site’s
context. Formal observation involved more immersed
observation by AE who conducted 51 h across sites,
guided by a field notes template. The template was in-
formed by the evaluation questions and with feedback
from clinical research team members and a service user
researcher to guide data collection on key delivery activ-
ities occurring at the site. The topics on the template
included:
 Patient time and activities: where do patients spend
time while attending the unit? What are they doing?
 Patient interactions: who do patients speak to most?
Who do they interact with, and when?
 Patient waiting period: how long do patients wait,
and where does this happen?
 Staff presence and activities: which staff are present
on the ward? What are they doing?
 Staff interactions: who do staff speak to? Do staff
interact in groups or individually?
 Recording of patient data: who records patient data
while they are on site? How is data collected?
The final recorded data set therefore comprised of
completed maps and field notes collected during the
workshop, and completed observational field notes.
Analysis
The data analysis aimed to extract learning at two levels:
1. Site specific: key actionable learning in terms of
support for implementation of the ePRO system in
practice, including sensitivity to local differences in
processes and in staff resources and configurations.
2. General thematic: to formulate broader conceptual
themes to contribute to understanding socio-
technical implementation of the system beyond the
local context.
Analysis therefore happened in two stages: The first
stage involved concurrent and collaborative analysis
within each workshop, to engage the participants dir-
ectly in identifying challenges and co-creating solutions.
The second stage involved retrospective analysis of out-
puts of all the workshops and the observations, to iden-
tify common themes and generalisable learning to
inform future efforts to implement the ePRO system at
scale.
Stage One Analysis
Co-design involves collaborative real-time synthesis be-
tween workshop participants and researchers [31, 32], to
generate understanding, question assumptions, and gather
local feedback to inform site-specific recommendations.
Analysis in co-design therefore happens concurrently with
generation [33] in a dialogic process to agree key outputs.
In this study, outputs were consensus around main bar-
riers to be encountered and suggestions for support that
would overcome these problems in practice. The work-
shops were conducted prior to the observation data col-
lection. Initial recommendations were therefore generated
within the workshops, then reviewed with the research
team, and finally were revisited after observation to check
if the feasibility or acceptability of the proposed solutions
was or was not confirmed by the observation data.
Stage Two Analysis
The second stage involved more formal qualitative
analysis of the workshop outputs and observational data.
Initial inductive content analysis was conducted by AE to
consider the dataset as a whole and allow for unexpected
findings prior to applying the conceptual framework
(NPT). After agreement between authors that the NPT
constructs did not exclude any coded data, the data from
the patient workshops and the professional workshops
were organised into tables according to NPT constructs.
This enabled us to thematically review the data across the
constructs to inform general recommendations and to
consider the findings more broadly in the context of
socio-technical interventions. The observation data was
then added into the table to examine consistencies and
look for any divergence in findings. The completed tables
were reviewed by SK and AE to agree overarching themes.
These were further sense-checked with MR, a qualitative
researcher with lived experience of renal services.
Results
Firstly, we present the site-specific learning and recom-
mendations for implementation of the ePRO system in
practice, organised according to the NPT constructs.
During the study, we found that recommendations were
synthesised from across the three methods (empathy
mapping, process mapping, and observation) rather than
each producing discrete recommendations relating inde-
pendently to individual constructs. Secondly, we present
the general thematic findings regarding implementation
of the ePRO system as a socio-technical endeavour.
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There were some differences in emphasis in the staff
compared to patient workshops. Staff focused their user
experience more on processes within clinical settings,
which is understandable given this is where they profes-
sionally operate. Patients focused more on the relevance
and delivery of the ePRO system at home and between ap-
pointments, again understandable as the majority of their
experience occurs outside clinical interactions. These were
not exclusive, however, with patients also discussing or-
ganisation within services (for example, receiving informa-
tion in a waiting room) and with staff interested in how
patients could be supported to complete their ePRO
questionnaires from home. For this reason, results are
presented together (reflecting both staff and patient views)
rather than presenting the groups separately.
Stage 1: Site-specific learning and recommendations for
implementation
Coherence
The perceived value of the ePRO system was a crucial
consideration for both patients and staff across all sites.
Patients emphasised that completion of ePRO question-
naires would depend on knowing how it helped them to
communicate their needs or concerns better to staff. This
improvement could be through supporting changes to their
care based on their symptom reporting, or more immedi-
ately achieved through reducing the time they spent in the
clinic (e.g. if they were able to more quickly provide a
report of their condition) or helping them to get a quicker
response to their most pressing concern.
Staff were concerned about running over time and that
the ePRO system could disrupt their routines and impede
efficiency, but they were equally worried about missing
something important that a patient might wish to tell
them. Explicit value was not only important to initiate
completion, but was returned to as a crucial consideration
throughout the process of collecting and using ePROs. In
the process mapping, both patients and staff would return
to the question of value and how this was being communi-
cated and realised at different timepoints (both during
completion and afterwards as a prompt or review tool for
future consultations). Coherence therefore overlapped
with cognitive participation and collective action, in terms
of key dimensions of value being “valuable to whom?”
(cognitive participation) and “valuable when? “ (collective
action). The observation data emphasised that achieving
this value in practice was a key consideration as any infor-
mation gained from the ePRO system would need to be
made easily accessible within the demanding environment
in which the staff and patients interacted.
Cognitive participation
The process maps helped in recognising the multiple
practical points when different staff may be required and
what experience and skills they need to support ePRO
collection. For example, the process mapping revealed
that ePRO reporting using tablets required consideration
how the data collection could be integrated with work-
flow requirements around infection control. A key en-
gagement or disengagement point was identified as the
registration of patients onto the online patient portal,
and considering who at the site was best placed to sup-
port the patient to do this, for example nurses, health
care assistants, or reception staff. Notably, the suggested
solution to this problem varied across sites, depending
on local capacity and knowledge. These insights also
overlapped with collective action in terms of under-
standing the organisational routines of the different staff
(for example, who has time to circulate on the ward and
offer support, or who is already involved with supporting
registration).
The observation data went further to suggest that
negotiation of the roles on the wards would be a key
element of implementation. On the process mapping ac-
tivity, it was most often a nurse who had been suggested
to provide support. During the observation, it was more
explicitly apparent that nurses already undertake a
variety of tasks (e.g., take bloods, distribute medicine,
respond to crises) which managers may be wary of dis-
rupting by providing additional work. It was apparent
during observation that healthcare assistants conduct a
variety of supporting activities such as material inventor-
ies and preparing machines, and were considered more
likely able to take on the ePRO support tasks. However,
willingness to do this and willingness to give HCAs this
responsibility varied across sites. Similarly, administra-
tive staff varied across sites in their perceived capacity to
support patient registration and access issues with the
online patient portal. This therefore indicated the need
for ongoing evaluation of this during the future iterative
cycles to determine how work was allocated and re-
ceived in practice.
Collective action
The observation pragmatically informed the recom-
mendations through adding understanding of the rou-
tines on the ward and observing highly active times
compared to quieter periods. This enabled us to con-
sider the optimal timing for staff to invite patients for
ePRO completion, without disrupting established
clinic routines. This also contributed to cognitive par-
ticipation in terms of observing how support and
teaching happened on the ward (with learning shared
in conversations between staff rather than through
consulting written materials).
Translating the constructs into recommendations
Achieving and communicating the value of the ePRO
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system was therefore a consistent priority across both
staff and patients and across settings. This became a
core recommendation to achieve coherence (Table 2).
For cognitive participation and collective action, there
were several core recommendations around organising
support and integrating with workflows, which were
consistent in their relevance across sites, but which re-
quired site-specific solutions to be proposed to achieve
in practice (Table 2).
Stage 2: Learning and recommendations beyond the local
context
Two intertwined themes emerged from the conceptual
analysis, relating to understanding the collection of
ePRO data within a socio-technical system.
Theme 1: digital data collection is physical
This theme emphasised that rather than being an intan-
gible system quality, collection of ePRO data was very
much a physical process in terms of how it was enacted
on the ward. This included specifying how the data col-
lection worked within complex spaces (for example,
where in the busy and open-plan wards the tablets could
be stored and accessed) and the physical consequences
of this (requiring infection control procedures to clean
tablets after each use, and a procedure for securely stor-
ing the tablets at the end of the day). This physicality of
space was also evident for the patients, who emphasised
the need for private and quiet space to complete their
ePROs on the ward, which was typically noisy and with
many distractions. The collection of ePRO data therefore
Table 2 Example data mapped to NPT constructs, and recommendations
NPT Construct Exemplar data Recommendations
Coherence
What is the meaning of the
intervention to the different
stakeholders?
Staff Workshop- Staff need to view it as an
opportunity to better care for patients/ improve
delivering care- “this is innovative, interesting and
important”; “What can we do better?”; “I aspire to any
feedback given by the patients on how to improve the
experience during dialysis”
Patient Workshop- Patients need to view it as an
opportunity to improve communication with
clinicians/ improve health condition - “improvement in
interaction with consultant”; “getting response back”;
“improvement in health condition”
On-site emphasis on value, through materials and
support:
Making data available to all staff after completion
Presentations during team meetings with all unit staff
to help them understand how this data will be used,
who will use this data to emphasise the value.
Local materials (FAQ sheets and invitation letters)
produced for patients to inform them about the value
of completing ePRO.
Trained specific staff members to discuss with patients
the value of completing ePRO regularly and how it
would be used.
Modifying patient materials to emphasise how
completion can support conversations with HCPs.
Cognitive participation
What roles need to be undertaken
to deliver the intervention and
who is able to perform them?
Observations- The haemodialysis and outpatient units
operate with different level of staff with specific
responsibilities. Managers- The unit manager can
manage the intervention and assign tasks to specific
staff. Implementers- Healthcare assistant workers and
other support workers were could take on the
collection of ePRO due to their availability.
Local tailoring of who delivered which elements
of the intervention:
Work with the unit manager to identify the most
appropriate staff who can manage the intervention
and deliver specific elements of the intervention.
Individually discuss the role of consultants in
reviewing the ePRO data
Collective action
What are the existing routines and
practices which the intervention
must work alongside?
Staff Workshop- Staff emphasised the need to
understand how to best embed the ePRO in their
routine, to minimise disruption to other tasks. This
included knowing how to support patients and answer
patient questions about completion. “How to complete
[collect ePRO]”; “reassure patients that filling out the
survey for their benefit”; “when is the best time/ day to do
it [collect ePRO]”; “Explaining why you’re doing it”
Patient workshop- Patients are concerned about
having space (physical and mental) and privacy, timing
in relation to when it will be reviewed- “Would I have
the option to do this from home prior to my
appointment?”; “the waiting room is non-existent. It is a
very busy corridor and very disturbing to any thought
process”; “privacy is a big issue in the so-called waiting
area of my clinic”
Observation- Units in different sites practice symptom
collection differently. Some clinicians are required to
directly report symptoms in the patients’ electronic
patent record. Patient symptoms are discussed during
team/hand over meetings. The intervention must be
embedded in the routine practice of providing dialysis
in HD units. It must also be embedded in the rapid
flow of outpatient units.
Local tailoring of when and where the ePRO is
completed:
Allowing the staff responsible for collecting ePRO to
perform the task any time during their shift.
Ongoing in-person training with selected staff to build
their understanding of the aim and value of collecting
ePRO.
Providing reminders to patients to complete their
ePRO ahead of the ePRO review to give them the
opportunity to complete it in their preferred location.
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makes demands on both time and space in the clinical
and administrative setting, which needed to be
accommodated. These accommodations were considered
acceptable when the value of this additional work was
made explicit, referring to the intentional quality of
ePRO collection (see theme 2).
Theme 2: digital data collection is intentional
Across all staff and patients, it was emphasised that the
value of ePRO collection must be explicit for engage-
ment to happen. This was in recognition of the first
theme: data collection made physical demands on both
staff and patient resources which required deliberate and
intentional engagement, and consequently there needed
to be a clear rationale for why this was important. For
both staff and patients, the temporal value of ePRO re-
sults needed to be negotiated, to identify how the results
could add value to the clinical encounter at the time as
well as how it provided a picture of progress which
would be considered at a later date. For example, pa-
tients explored how they could use it as a consultation
support tool to bring up important issues with their doc-
tor. This also required understanding that users engage
with ePRO collection with consideration of how value
will be realised at different timepoints, for example
within the next clinical consultation or through provid-
ing a picture of process over a longer period.
Both themes are consistent with NPT, emphasising the
work that needs to be done to enact change (the physical
integration and organisation of the intervention) and the
importance of stakeholder buy-in to the need for the
intervention and whether stakeholders perceived the im-
pacts to be valuable for them.
Discussion
We have demonstrated how human-centred co-design
methods can be used to operationalise NPT constructs,
to work directly with health services end users, both pa-
tients and professionals, to anticipate barriers to imple-
menting an ePRO system in practice. The design
enabled us to create overarching principles to guide im-
plementation at scale, recognising that ePRO data collec-
tion is physical and intentional, but also to pragmatically
consider how to realise these principles in action. This
included understanding where solutions needed to be
tailored to local site resources and capacity. The study
therefore demonstrates how to design theory-driven,
stakeholder informed, and contextually sensitive digital
health solutions.
NPT provides a ‘conceptual vocabulary’ to guide im-
plementation planning [16]. The co-design techniques
we used enabled us to translate that vocabulary into
interactive qualitative prompts, allowing us to capture
rich data about stakeholder expectations and contextual
barriers and facilitators. The integrated synthesis that
happened within the workshops themselves supported
rapid analysis to generate recommendations within the
timeline of the evaluation, but also produced richer
insights about the how and why of ePRO system imple-
mentation in practice. The methodology therefore
supported both rapid pragmatic and deeper conceptual
synthesis.
The modelling and prototyping work within co-design
helps to focus on the anticipated practical realities of de-
livery. Although the modelling is hypothetical, the focus
on the user experience appeared to help the participants
with forecasting likely problems and proposing concrete
solutions. Our findings are consistent with qualitative
interview studies exploring perceptions of renal ePROs,
which for example identified the need to support pa-
tients to complete [34] and the need for benefits of com-
pletion to be clear [35]. The collaborative co-design
approach enabled us to actively recruit the local services
themselves to help translate these needs into actionable
changes.
The observation data expanded on the co-design sug-
gestions, enabling us to be more sensitive to place and
configurations of staff activity and patient need. Our
findings suggest that observation is a crucial element as
it can provide explicit confirmation of barriers hypothe-
sised in the co-design workshops (for example, demon-
strating the multitude of clinically significant tasks that
nurses undertake on the ward) and also bring to light is-
sues which were not raised by participants (the need to
consider whether alternative staff, such as HCAs, were
better placed to provide support, and the social dynamics
between staff that may influence integration of the inter-
vention). Our findings therefore indicate the value of com-
bining qualitative and conceptual mapping work with
direct observation. The co-design methods enable the
‘technological imagination’ of the stakeholders while the
observation, by comparison, enables researchers to access
the ‘technological reality’ of the context of delivery.
This also indicates the value of employing the NPT
framework in conjunction with the choice of design
methods, as the construct of ‘collective action’ indicated
the need for observational data to supplement the map-
ping work. However, we did not find that the mapping
techniques produced individual findings specific to indi-
vidual constructs (for example, empathy mapping only
indicating recommendations relevant to coherence), as
in practice insights from each activity were used to re-
flect across the three constructs of coherence, cognitive
participation, and collective action. Rather than suggest-
ing a lack of differentiation, we suggest that this reflects
the holistic understanding that was gained across the
methods, with the constructs providing a valuable orga-
nising structure to develop recommendations.
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Implications
Our study adds to the literature demonstrating the need
to understand routine of care into which a new digital
intervention is being introduced [36], and concurs with
previous authors who recommended understanding inter-
actions with digital health interventions using observation
[37] and co-design methods [19]. We have demonstrated
how these methodologies can be blended with implemen-
tation theory, consistent with calls for greater use of im-
plementation frameworks to understand engagement with
both digital health technologies [38] and with PROs [39].
Our study adds to a growing body of literature demon-
strating how novel participatory methods can be used in
conjunction with NPT to provide rich understandings to
inform intervention development and implementation.
This broadens the potential toolbox of methods for
researches to draw from to perform NPT-guided data
collection and analysis. For example, researchers focused
on understanding interactions between stakeholders could
employ NPT alongside forum theatre, as demonstrated by
Duke and colleagues [40], whereas the mapping
techniques used in the present study may be particularly
appropriate for collaboratively planning delivery of new
services.
A key finding in the study was the need for flexibility
to enable recommendations to be enacted in different
ways by different sites. Although differences in delivery
can be considered a challenge to supporting implemen-
tation at scale, it is increasingly recognised in implemen-
tation that a ‘core and custom’ approach may be
necessary. This aims to identify a central ‘core’ of an
intervention but also a ‘soft periphery’ where local tailor-
ing can occur [41, 42]. Embracing these elements early
on in the process may therefore in fact help with achiev-
ing implementation at scale later on, through capturing
examples of adaptation [43].
These findings underscore the need for implementa-
tion support which empathises with the users, their
motivations, constraints, and concerns, and which ex-
plicitly expresses the value of the additional innovation
work in meeting their needs. Allan and colleagues have
described digital health data collection as successful if
the data collected are “symbolically meaningful to each
stakeholder’s role” (Page 9) [11]. This again emphasises
the need for data to have value in achieving user goals,
whether it is a nurse’s goal to understand their patient,
or a patient’s goal to communicate changes that matter
to them. Shaw and colleagues, in recommending a ser-
vice design approach to digital health implementation,
have described this as the requirement of a clear value
proposition [36]. Our study has shown how a co-
design and theory-driven approach can help to surface
the potential value of ePRO data, and has shown how
researchers need to more explicitly articulate this value
for engagement to occur. Researchers therefore need
greater temporal literacy regarding communicating the
potential value, recognising that the anticipated end
value of a new way of working must be expressed first,
to encourage initial engagement. Coherence is a dy-
namic construct in practice, and it has been shown
that collective action itself can help stakeholders de-
velop understanding of value [44, 45]. Our finding that
anticipated value was unclear at this preliminary stage
of the project however indicates a need to communi-
cate sufficient value to instigate engagement that can
enable work to begin.
We make the following recommendations for future
implementation co-design. Firstly, our observation
revealed information that was not discussed in the
workshops, for example the role of HCAs on the ward,
and made clear that processes of work were actively
negotiated in practice between professionals. Whilst not
a limitation, we suggest future work may benefit from
conducting workshops after an observation stage rather
than before, as staff who are identified as important dur-
ing the observation can then be included as participants
in the co-design activities. Secondly, we recommend
consideration of how to achieve staff and patient collect-
ive co-design, as we were logistically unable to achieve
this. Adopting methods which do not require partici-
pants to be together at the same time may help (for
example, co-design through suggestion boards which
can be completed when convenient) but this may miss
out on the potential richness of multi-stakeholder inter-
action [46]. Finally, the present study did specifically
seek the perspective of sub-groups who are known to
struggle with completion of ePROs (such as elderly pa-
tients and some ethnic minorities). Although patients
who took part all had relevant lived experience, they
were a self-selected sample. Further work should seek to
engage with diverse groups, to understand the poten-
tially unique barriers and needs that such groups may
have.
Conclusions
The study demonstrates how theory and methods can
be combined to understand the socio-technical con-
text in which different users operate, to sensitise
recommendations not only for individual users but to
understand how new digital ways of working can fit
into relationships and organisational systems. The
synthesis of methodology and conceptual framework
enabled us to rapidly focus on recognised barriers
and facilitators, to work collaboratively with sites to
identify solutions to implementation challenges, and
also to generate broader learning about the physical
and intentional demands of introducing digital data
collection into complex health services.
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